Dark-grown Douglas-fir (Pseudotsuga menziesii [Mirb.J Franco) seedlings had approximately 30% of the major polypeptide of the light-harvesting chlorophyll a/b binding protein, 30% of cab mRNA, 54% of psbA mRNA, and 14% of total chlorophyll, in comparison with amounts in light-grown seedlings. Seedlings entrained under a 24-hour photoperiod of light and dark showed small diurnal fluctuations in cab and psbA mRNA levels and, when transferred to continuous conditions, no circadian rhythms in mRNA levels were apparent. These results suggest that regulation of cab gene expression in Douglas-fir differs from regulation in angiosperms, because in the latter, both light and circadian factors strongly influence the expression of cab genes.
The light-harvesting Chl a/b-binding proteins of PSII (LHCPs2) are among the most abundant proteins in higher plants (3) . LHCPs are complexed with Chl a and b, and are intercalated into the lipid bilayers of thylakoid membranes. The proteins function to organize pigment molecules for efficient light absorption and energy transference into photosynthetic reaction centers. They also participate, via phosphorylation-mediated events, in a metabolic system responsive to light-quality and light-intensity changes (8) .
LHCPs are encoded by a family of nuclear genes often called cab genes (3, 5) . Expression of cab as mRNA and LHCPs in herbaceous angiosperms is strongly regulated by light, phytochrome, and photoperiod (3) . Expression is also associated with developmental factors (18) . Little is known about the regulation of cab in gymnosperms. However, observations of cab mRNA (12, 20) and Chl-protein complexes ( 11) in dark-grown pine seedlings suggest that there may be fundamental differences in the expression of cab in angiosperms and gymnosperms.
In this study, we show that dark-grown Douglas-fir seedlings contain significant amounts of Chl, LHCPs, and cab mRNA; when seedlings are grown under diurnal cycles 
Chi and Protein Analyses
Total Chl per gram fresh weight and Chl a/b ratios were deterrnined according to Arnon (1) using 10 g tissue/100 mL 80% v/v aqueous acetone. Chl and protein contents of thylakoid fractions were determined as described by Marder et al. (14) .
SDS-PAGE was performed according to the system of Laemmli (10) . Relative concentrations of polypeptides were approximated by densitometry of Coomassie blue-stained gels. The immunodetection of LHCP was as described (17) with maize primary antibody (9) used at 1:1000 dilution.
RNA Isolation and Analysis
Four g of ground tissue were stirred for 2 min in 24 mL of RNA extraction buffer of 4 M guanadinium isothiocyanate, 3 mM aurintricarboxylic acid, 1% (v/v) 0-mercaptoethanol, 2%
(w/v) Sarkosyl,3 and 0.2 M boric acid/sodium borate (from 0.4 M stock, pH 7.6), and centrifuged at 30,000g for 15 min. The supernatant was layered over 2 mL of 2.8 M CsCl, 0.1 M EDTA (pH 7.8) on 6 mL of 5.7 M CsCl, 0.1 M EDTA (pH 7.8), centrifuged at 1 12,400gmax for 20 h at 7 C, and subsequently processed as previously described (13) . Poly(A)+ mRNA was selected on oligo(dT) cellulose (13) .
RNA was fractionated electrophoretically and transferred to Hybond-N membrane (Amersham Corp.) as described (7) 
RESULTS AND DISCUSSION

Chi Analysis
Dark-grown Douglas-fir seedlings had 14% of the total Chl per gram fresh weight as in light grown seedlings, and the 370-to 700-nm A spectra of extracts from light and dark grown Douglas-fir were similar (data not shown). The Chl a:b ratios of the light and dark grown seedlings were also similar (Chldark a:b = 2.6, Chlight a:b = 2.3). Chl a:b ratios are often indicative of the relative abundance of PSI Chl/protein complexes to PSII Chl/protein complexes, because the former have high Chl a:b ratios and the latter have largely low Chl a:b ratios (8) . The similarity in the Chl a:b ratios in dark-and light-grown Douglas-fir seedlings may indicate that the stoichiometries of PSI and PSII Chl/protein complexes are not very different in dark-and light-grown tissues. These ratios obtained for dark-and light-grown Douglas-fir differ from values reported in an earlier study of greening pine seedlings, in which the dark-grown controls had a Chl a:b ratio of 5.7 and dark grown seedlings illuminated for 1 week had a Chl a:b ratio of 2.9 (1 1).
LHCP in Thylakoid Membranes
Most ofthe Chl b in plants is bound by the LHCP integrated into the thylakoid membranes of chloroplasts (8) . Therefore, the relatively low Chl a:b ratio that was found in dark-grown Douglas-fir seedlings suggested that significant amounts of LHCP were present in the dark-grown seedlings. Thylakoid preparations were made from light grown Douglas-fir and dark grown Douglas-fir seedlings, and for comparison, also from light-grown oats. SDS-PAGE of the thylakoid preparations showed that the light-grown oat and Douglas-fir samples had similar gel polypeptide patterns with strong LHCPs bands 
EXPRESSION OF cab GENES IN DOUGLAS-FIR
at 27 to 28 kD (arrows, Fig. 1 ). The polypeptide profile of thylakoid extracts from dark-grown Douglas-fir also had a major polypeptide band at 28 kD (lane 1, Fig. 1 ). Immunoblotting with antibodies specific for LHCPs identified this band as LHCP (lane 4, Fig. 1 ). Densitometric analysis of gels indicated that the 28 kD bands (containing LHCP) in light grown oat, light-grown Douglas-fir, and dark-grown Douglasfir seedlings represented about 26%, 29%, and 9% of the thylakoid protein, respectively. Therefore, dark-grown Douglas-fir had about 30% of the amount of LHCP as was found in light-grown Douglas-fir, relative to total thylakoid protein.
Expression of cab and psbA Genes in Douglas-Fir
The relative amounts of cab and psbA mRNA present in dark-and light-grown Douglas-fir seedlings were estimated by hybridization analysis quantified by scintillation counting. In dark-grown Douglas-fir, cab was expressed at about 30% of the amounts detected in light-grown tissues, both in total RNA ( Fig. 2A) and in poly(A)+ fractions (data not shown). The expression of psbA in dark grown seedlings was about 54% of amounts found in the light (Fig. 2A) .
Diurnal variations in steady-state levels of specific transcripts were determined for seedlings germinated and grown under alternating periods of 12 h light and 12 h dark. The uniformity of the RNA sample preparations and the specificity ofthe pCabDFl probe for cab transcripts in photosynthetic tissue are demonstrated in Figure 2B . The results show that cab was expressed strongly in all the seedling samples, whether taken during 'night,' 'day,' or under continuous light or dark conditions. In contrast, no expression of cab was detected in a Douglas-fir xylem sample, processed similarly to the seedling tissue (Fig. 2B, lane 7) .
Slot blots analyzed by scintillation counting showed subtle variations in steady state cab mRNA during the photoperiod, which were not apparent by northern analysis. During the regularly occuring dark period, expression of cab steadily declined to about 25% less than the maximum expression in the preceeding light period (Fig. 3) . Expression increased steadily during the following light period to a maximum level at 4 p.m., equivalent to the value obtained on the previous day. When seedlings were subsequently given either continuous light or continuous dark, no diurnal or circadian variation in steady-state cab expression was apparent (Fig. 3) . Expression ofpsbA also changed diurnally during the entrained dark and light periods, and, in general, accumulated to higher levels during dark phases than in light (Fig. 3) . As was true for cab, no circadian rhythm in expression of psbA was apparent. The outlying peak during the continuous dark period may be an anomally. However, erratic fluctuations and somewhat higher levels of psbA expression during dark phases have also been found in tomato (16 (19) . Our study showed that diurnal fluctuations of the steady-state cab mRNA in Douglas-fir were relatively minor and the fluctuations that occurred did not appear to be highly influenced by factors associated with photoperiodicity. Despite our conclusion that cab in Douglasfir is not strongly light regulated, the expression of cab is, as in angiosperms (18), highly tissue-specific. This is apparent by the lack of detection of cab mRNA in Douglas-fir xylem tissue.
